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Abstract

:

The increasing number of visitors to wetland parks has caused varying degrees of impact on wetland life. How to reduce the damage to wetland biodiversity caused by recreational activities in parks, improve tourists’ recreational experience, and balance the relationship between the two are urgent problems that need to be solved. Therefore, four urban wetland parks were selected as subjects for this study. The present study utilized social media data to study the diversity of urban wetland habitats and tourists’ wetland landscape preferences from the spatial dimension and explore the relationship between the two. This is a practice different from the traditional ecological research (survey, measurement, monitoring, questionnaire survey) of wetland habitat diversity assessment. The research revealed the following findings: (1) There was a significant positive correlation between habitat saturation and positive artificial elements, such as landscape structures and aerial walkways; (2) Landscape complexity is negatively correlated with landscape instantaneity and wilderness degree; (3) Habitat diversity was negatively correlated with landscape instantaneity but positively correlated with naturalness and positive artificial elements. This study proposes wetland habitat construction as a strategy to optimize the management of habitat diversity in urban wetland parks and enhance its ecological education function.
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1. Introduction


Urban wetland is a valuable natural resource in the city. However, the rapidly expanding city has produced a lot of human interference and pressure. In order to solve the problem of urban development and environmental destruction, people built urban wetland parks [1]. Its construction goal is not always to provide ecological services but also to undertake cultural and recreational functions. It is an integrated constructed wetland (ICW) combined with human activities [2]. Nowadays, urban wetland degrades rapidly, which is mainly caused by various human activities, such as recreational construction, urban noise, and uncivilized behavior of tourists [3]. When the loss of urban wetlands reaches a certain level, the watershed cannot provide effective water quality protection, flood retention and storage, and wildlife habitat [4]. However, with the improvement of people’s leisure awareness and the diversification of leisure needs, the frequency of urban wetland park visits has been greatly increased. Running, fishing, taking a walk, and viewing wetland scenery are the daily activities of residents here. Therefore, urban wetland parks, as a part of the overall urban planning, have the most acute contradiction between the protection of wetland resources and the construction of the park [5]. How to balance the habitat diversity protection and recreation construction of wetland parks and combine the functions of wetland ecosystems with landscape recreation activities are important issues to improve the natural eco-efficiency of wetlands and the value of urban social functions.



Recreation development and natural resources protection have always been the focus of attention in related disciplines, and the theoretical applications of this research are ROS [6], LAC [7], VERP [8], and other recreation development theories. Most of the application fields are forest parks [9] and nature reserves [10], but there are few applications in the research of urban wetland parks. Human beings are born with the desire to be close to nature, a large number of studies in environmental psychology have proved that the environment with natural elements has a positive effect on the recovery of human health [11,12,13].



In the early stage, wetland research was focused on its biodiversity and ecological service functions. Biological data and abiotic data of wetland parks are widely used as two kinds of index systems to assess the level of biodiversity. In the study of biological data indicators, the community structure of macroinvertebrates [14], birds and amphibians [15], microbial flora [16], vascular plant community [17], and vole [18] can be used as the indicator species of biodiversity in the selected habitat unit of this organism. However, it is not clear whether it can represent the level of the whole wetland park, because the interpretation percentage is about 20%, which has a certain bias [19]. The assessment of abiotic data is mainly conducted through the sampling of environmental factors, such as hydrology [20] and soil [21], in the wetland park. However, the sampling is complicated and requires professional operation and evaluation. Then, some ecologists turned their attention to the study of habitats. A habitat is the sum of ecological factors that act on organisms in a particular area, and it is one or more spatial units of different scales and sizes. Compared with the singleness of the former research index, all biological and abiotic factors within the habitat diversity assessment are included for comprehensive consideration. In this way, the results obtained have higher explanatory power and are more suitable to be used as a substitute index to measure wetland biodiversity [22,23]. The establishment of a landscape structure index system, such as area, perimeter, edge complexity, and connectivity of habitat units, makes up for the deficiency of habitat space [24,25,26]. In recent years, the visualization of habitat units has been achieved with the aid of computer software [27,28,29]. Spatial data that can be easily measured and recorded enhances the operability of wetland habitat diversity assessment. However, the research focus is still on the ecological attributes of wetland parks, ignoring that it is also disturbed by human recreation as a park. Conservation is not isolation. Now humans are gradually becoming participants in the wetland ecological process. If the protection strategy of a wetland park is proposed simply from the perspective of ecology while its recreational function as a park is ignored, this is the result of a serious disconnection between experimental design, management, and evaluation.



Tourists’ landscape preference was found to be closely related to nature at the early stage of the study [30]. Human beings perceive the natural environment through their brain consciousness, thus generating landscape “element” preference and “spatial structure” preference [31]. People prefer quantitative and measurable physical elements, such as water [32] and plants [33], etc., while in their preferred spatial environment, they prefer different habitats, such as wetlands with water surface [34], open lawns [35], and wetland tree communities [36]. In addition, human beings can perceive biodiversity, which has nothing to do with tourists’ personal attributes, such as age, occupation, and gender, but has something to do with perception intensity and preference [37,38,39,40]. The wetland park is favored by tourists because of its unique biodiversity, complexity, and naturalness [35]. Based on the close connection between green space and human preference cognition, as well as the increasingly fierce conflict between “recreation construction” and “resource conservation”, relevant scholars try to study biodiversity and tourists’ landscape preference from the following three aspects: (1) Biodiversity can promote the ecological health of green space around cities [41,42]. (2) The level of biodiversity will also affect human aesthetic preferences. For example, Matthies studied people’s perception of species diversity through experiments combined with practical studies [43,44]. (3) The relationship between species richness and happiness. Jung et al. found through experiments that people have a positive evaluation of plant planting with rich species [45,46]. However, other studies have shown that the relationship between biodiversity and recreation services is not always positive. For visitors, aesthetics and naturalness are the most important attributes of urban parks, while the attraction of plants and animals is secondary [47,48].



The rise of social media data provides a more comprehensive approach combining subjective and objective factors to the uncertainty of the relationship between the two and brings new ideas to solve the contradiction between biodiversity conservation and recreation construction. Big data, such as comments [49] and geographical location information [50] released by a large number of tourists on social media platforms, are increasingly widely used as the scientific basis for in-depth research on landscape preferences. Compared with traditional data, in the era occupied by social networks, big data is more representative and spontaneous. In particular, the framing form and shooting content of tourists’ photos can reflect the interaction between humans and nature in the dimensions of time and space [51]. As the research basis of landscape preference research, photographs are now widely used in the research of the “Objective-element” paradigm and “subject-perception” paradigm [52]. In the study of objective paradigm, comments on social media are quantified, reflecting that the biophysical features of the landscape are transformed into quantifiable parameters, such as type, diversity, line of elements, area proportion, etc., which constitute the parameter indicators for landscape preference evaluation [53,54,55]. The subjective paradigm takes the traditional Kaplan preference matrix as the core theory [56] and reflects the human perception of landscape in combination with comments and questionnaires on social media, such as naturalness, complexity, and coherence [57,58]. The preference research based on photo analysis combines the practice of environmental psychology and green space, which provides a certain reference value for enriching the human space experience and developing the potential of natural recreation space. Therefore, using social media data to study the public’s preference for wetland landscapes can promote the development of a good “biodiversity perception” experience, thereby better predicting the acceptance of biodiversity management measures, and realize the construction of a “conservation-development-education” urban wetland park. Visitors’ awareness of wetland biodiversity will enhance their awareness and behavior of nature conservation. However, there is a certain disconnection between habitat protection and recreation space organization in wetland parks, which requires landscape architects to make full use of environmental factors, such as water, sunlight, and heat, that affect the growth of plants when designing recreation space in wetland, so as to create a spatial organization that shows the inner organisms.



Based on the literature review, we found that the quantitative research scale of habitat diversity was mainly concentrated in cities, nature reserves, and so on. Habitat studies on park site scale tend to focus on ecological matrix and plant species but lack overall research on green space design scale related to the ecological environment. Research on the relationship between landscape preference and habitat diversity currently focuses on the correlation of single factors, such as trees and water bodies in wetlands, while other factors affecting wetland biodiversity, such as roads and structures in parks, have not been systematically considered. Research on the relationship between landscape preference and habitat diversity currently focuses on the correlation of single factors, such as trees and water, in wetlands, while other factors affecting wetland biodiversity, such as roads and structures in parks, have not been systematically taken into account. Under the social background of big data, scholars have explored related aspects, such as recreation and tourism, from different dimensions. However, in terms of biodiversity, the involvement of pictures and location information data of social media big data has broadened the research on the spatial coupling relationship between landscape construction and resource conservation. Therefore, this study takes the urban wetland parks as the research object and studies the following objectives based on practical cases:




	(1)

	
Explore the real landscape preferences of tourists in urban wetland parks and enrich the research content related to biodiversity and tourists’ preferences in urban wetland parks.




	(2)

	
Through the calculation and drawing of spatial data of an urban wetland park habitat diversity map, combined with the geographical information location of photos, explore the tourists’ preferred habitat spatial pattern to provide park managers and designers with scientific and effective management and design suggestions.




	(3)

	
Deeply explore the influence mechanism of landscape preference and wetland habitat diversity, try to change relevant biological factors, intervene in the biodiversity protection of urban wetland parks, and achieve the unity of conservation and development objectives so that urban wetland parks can play an important ecological role while performing recreational sightseeing and science popularization and education functions. We also seek to provide a reasonable reference for the later management of wetland park habitat protection. This is extremely important for landscape architects and urban park managers. A convenient and quick assessment method can provide developers with scientific and effective site information, allow landscape architects to participate in the protection of urban biodiversity, enhance the cultural and entertainment value of wetland parks, and achieve a relative balance between the protection and development of urban natural resources.










2. Materials and Methods


2.1. Study Area


Harbin and Changchun were selected as the research areas in this study. These two cities are located in northeast China and are important central cities in this region, as shown in Figure 1. With rivers passing through the cities, abundant tidal plain wetlands are formed, which have a good natural foundation of ecological wetlands. By screening 15 urban wetland parks in Harbin and Changchun and considering the frequency of people’s recreational trips and the number of comments on public media platforms, we selected 4 urban wetland parks that are free to the public in urban core areas, namely, Harbin Qunli Wetland Park, Harbin Cultural Center Wetland Park, Changchun North Lake Wetland Park, and Changchun Nanxi Wetland Park, see Table 1 for details.




2.2. Data Acquisition


Basic quantitative data, such as the area and types of urban wetland parks, can be obtained from the official website of the National Forestry and Grassland Administration of China [59]. At the same time, Landsat 8 OLI_TIRS satellite data of four urban wetland parks were downloaded from the Geospatial Data Cloud [60], corrected in combination with the actual research, and the plan of the four urban wetland parks was drawn using Auto CAD 2016 in order to calculate the area, perimeter vegetation area, and quantity of wetland park [24]. Then, based on the shadow phase and multi-source remote sensing data of Landsat 8 OLI, the four wetlands were classified into multi-feature vegetation [61,62]. Then, combined with the preliminary classification results, field research, and related data records, the classification results were corrected and modified to prepare for the subsequent statistics of habitat elements.



As for the acquisition of tourists’ visual preference data, the comment data of China’s popular open social media platforms, such as Weibo [63], Ctrip [64], Two-step Road [65], and Qunar [66], were captured and screened. These data included the text and image content released by users during their visit to the wetland park and the gender of evaluators. The time period used was from January 2017 to May 2022, so as to avoid the problem of incorrect results due to the time difference in comment information. After screening and deleting comments unrelated to wetlands, 2880 photos with geographic information markers were obtained. According to the names of the corresponding parks, they were coded as H—Qunli Wetland Park, W—Cultural Center Wetland Park, B—North Lake Wetland Park, and N—Nanxi Wetland Park; the photo database of tourists’ preferences was constructed.




2.3. Data Preprocessing


In terms of data processing, both “subjective data- visitor preference” and “objective data-habitat diversity of wetland park” were carried out at the same time, and a research framework was built to achieve the final goal, as shown in Figure 2.



In the processing of tourists’ visual preference data, the photos were firstly segmented semantically [67,68] to identify the natural and artificial elements in the photos. The landscape elements identified include blue sky, water, trees, lawns, flowers, roads, people, buildings, landscape structures, facilities (garbage cans, lights, seats, publicity boards, etc.), wooden piles, cement roads, wooden walkways, etc. [69]. Then, the segmentation results of the establishment of the Java image processing library imageIO, and the use of computer programming language to obtain the photo content proportion data, the segmentation of natural elements, and artificial elements of the data for statistics and calculation, provided the visual area ratio of each element in the photo. The habitat diversity data of wetland park was calculated by the formula. We evaluated the habitat diversity of wetland parks through statistics and calculation of objective data, such as wetland area, perimeter, and number of habitat elements, and visualized the results. Finally, through correlation analysis, cluster analysis, spatial coupling, and other methods, the characteristics of wetland habitat units preferred by tourists were summarized and analyzed, and corresponding habitat protection-development strategies were proposed.




2.4. Visual Preference Indicator


According to the component proxy model [70], six indicators were selected as the visual preference measurement of tourists, including perceived naturalness, diversity, wildness, timeliness, and positive artificial elements. A measurement was calculated for each sample, see in Table 2 for details.




2.5. Habitat Diversity Indicators


2.5.1. Division of Habitat Units


Habitat unit refers to the environment related to organisms, which can be divided into spatial units in the ecosystem. Some abiotic factors together constitute the living environment [75]. Its concept is constantly updated and developed with the passage of time, and its essence reflects the characteristics of spatial or environmental patterns. In terms of cities, it is formed by urban buildings, structures, vegetation, human activities, and other factors [76]. Based on the urban park habitat classification system proposed by Belgian scholar Hermy [25], this paper divided the habitats of four wetland parks into units, see Table 3 for details. Habitat diversity was related to the area, and species richness was related to habitat diversity while the area remains unchanged [24]. Therefore, we divided the four wetland parks into 52 habitat units with an area of 50 m × 50 m, so as to facilitate the study and exploration of other variables.




2.5.2. Habitat Diversity Calculation


Firstly, according to the classification criteria, the sample units were divided into plane, linear, and point habitat elements. Then, the area, length, and number of each cell are counted. Finally, the Shannon–Weill index and fractal index of each sample were calculated, and habitat diversity (H), habitat saturation (H′), and landscape complexity (P) were used as indicators to measure the level of habitat diversity in each sample [69]. Then, the results were analyzed visually using GIS, and a map of habitat diversity was obtained for further analysis.



	(4)

	
Diversity of habitat







The habitat diversity index can reflect the difference between the actual biodiversity level and the ideal biodiversity level in the study area, so the managers can intervene and manage the landscape types in the site according to the index. Shannonville Diversity Index was used to calculate the specific index. This index was constructed by Merglef and Shannonville’s information measurement formula in 1958. It is one of the most widely used indicators, and relevant scholars have used it to measure diversity at the species level. The specific calculation formula is as follows:


   H ′  = −   ∑   i = 1  s   (   n i  / N  )  ln  (   n i  / N  )   



(1)








	
  H ′  —diversity index of habitat unit;



	
 i —i-th habitat unit;



	
S—total number of habitat units;



	
   n i   —area, length, or number of habitat unit i;



	
N—total area, total length, or the total number of habitat units in the park.








	(5)

	
Habitat saturation index







The habitat saturation index is the ratio (%) between the actually measured diversity index and the maximum possible diversity index     H ′   m a x    , which can be calculated, according to Formula (3), and then the habitat saturation is calculated. For the specific formula, see (2):


  S =   H ′     H ′   m a x     × 100 %  



(2)








	
   S  m a x    —total number of habitat units.









     H ′   m a x   = − ln  1   S  m a x       



(3)





	(6)

	
Complexity of landscape







The complexity of the shape of landscape elements is both an ecological function and a dimension of visual characteristics. Landscape complexity is one of the intersecting indicators of ecology and environmental aesthetics, which can not only reflect the landscape complexity of objective wetland habitats but also serve as a reference index for preference prediction. In this study, the most representative morphological index calculation model established by Krummel et al., the “girth–area” measurement index, is adopted:


S = 0.25P/√A



(4)








	
P—The sum of the edge perimeters possessed by individual patches in the object area (m);



	
A—Total area of object area (m2);









2.5.3. Data Validation


Since the area proportion of various habitat elements in the photos can reflect the preference characteristics of tourists for habitat units, this study takes the preference database obtained after semantic analysis of photos obtained from the internet as the research variable and conducts a difference test to verify the degree of “affinity and disaffinity” between elements. Since the sample data does not obey the normal distribution, non-parametric test is chosen. In other words, SPSS 26.0 (Statistical Product Service Solutions, IBM) was used to conduct K independent sample tests on sample data. It can be seen from Table 4 that p < 0.05, there are significant differences among various element variables, and the data are reliable.






3. Visual Preferences and Habitat Diversity


3.1. Analysis of Tourists’ Landscape Preference Elements


According to the semantic segmentation of 2880 photos and the element proportion, it is found that the landscape elements chosen by tourists are blue sky, trees, lawn, water, men, cement road, shrubs, buildings, hydrophyte, structures, wooden walkway, flowers, other plants, aerial boardwalk, facilities, steps, wooden walkway, and structure. Blue sky accounted for 33.21%, followed by tall trees accounting for 12.40%; herbs and trees were close to each other, accounting for 10.20%. Water area, as a popular area of wetland park, accounted for 9.00%; Cement road represents artificial traffic, including hard paved square, accounting for 6.10% of the total. Bush group and stairs are similar, accounting for 4.20% and 4.10% of the total. As one of the representatives of seasonal landscape, aquatic plants accounted for 3.00%; structures and wooden boardwalks are also popular in wetlands, accounting for 2.80% and 2.50%, respectively. Other ground cover flowers and plants as summer and autumn close-up elements accounted for 1.40%; artificial facilities, such as garbage bins and transformer boxes (0.70%), are not preferred (see Figure 3 for detail).



Then, the study produced statistics on the seasons of the photos, and it was found that spring and summer were the peak seasons for tourists to visit the wetland park, while winter had the least number of visitors. In this study, landscape elements preferred by tourists in the four seasons are divided into natural elements (animals, plants, water surface, natural revetment, snow and ice, sky, and sunset) and artificial elements (park facilities, artificial landscape, road traffic) and are identified and counted according to the elements in the photos and their proportions [69]. The statistical table is as follows (see Figure 4 for detail): In terms of plant preference, in spring people prefer trees in wetland parks more. New buds and flowers, such as forsythia and elm blossom, in early spring become the preferred ornamental characteristics of trees in spring, and the preference degree of wetland landscape remains the highest among all elements. Birch, as a unique wetland tree species in northeast China, has become the plant landscape with the highest tourist preference. The preference degree of reed community landscape was the highest in summer and autumn.



In wetland parks, people prefer natural elements to artificial ones, and this preference is not affected by seasons, as shown in Figure 5. Plants were chosen as a preference by visitors in summer, followed by winter, autumn and spring; The season with the highest focus on artificial elements is summer, followed by winter, spring, and fall. This shows that people pay more attention to the construction of plants and artificial landscape when visiting wetland park in winter, although the types of plants are relatively monotonous. In terms of preference for natural elements, plants still pay the most attention to natural elements in spring and summer, followed by water, sky, and animals. Insects and water birds in summer are second only to water. In autumn, the natural elements of focus are color-changing plants and reed swamps, while winter is snow, plants, ice, sky, sunset, animals.




3.2. Correlation Analysis between Visual Preference and Habitat Diversity


Based on the correlation analysis between the habitat diversity index and preference measure (Table 5), it is found that there is a significant positive correlation between habitat saturation and active artificial elements, and a significant negative correlation between landscape complexity and landscape wilderness and instantaneity. The naturalness, instantaneity of landscape, and positive artificial elements play a positive role in promoting habitat diversity. There was no correlation between habitat saturation and tourists’ perception of naturalness, richness, wilderness, landscape instantaneity, and negative artificial elements. There is no correlation between landscape complexity and naturalness, richness, or negative or positive artificial elements. There was no correlation between habitat diversity and perceived richness, wilderness, or negative artificial elements.



	(1)

	
Correlation analysis between saturation and active artificial elements







The aerial walkway in the positive artificial element is proportional to the habitat saturation of the wetland park. The higher the habitat saturation in the area with an aerial walkway, the closer the actual biodiversity level is to the ideal biodiversity level. The air corridor is the secondary spatial structure of the wetland park and the participation of human beings in the vertical ecological process of the wetland park. This participation method has been proven to be positive and effective in this study.



	(2)

	
Correlation analysis of landscape complexity, temporality, and wilderness degree







There is a significant negative correlation between landscape complexity and temporality, which includes the seasonal changes of autumn and winter plants and the meteorological landscape, such as snow and ice. High temporality means that there are snow and ice and other meteorological landscapes in the field of view, so winter hampers visitors’ perception of wetland habitat diversity. The seasonal changes of plants can help tourists perceive the diversity of habitats, and the landscape richness presented by autumn-colored plants is more easily perceived by tourists. Summer visitors’ perception of landscape complexity is at a moderate level.



There is a negative correlation between landscape complexity and wilderness degree. The higher the landscape complexity, the better the ecology in the region. The lower the wilderness, the more man-made buildings, roads, and other artificial elements are within view and the less vegetation there is in the wilderness. This also confirms the conclusion that the aerial walkway, a positive artificial element, is positively correlated with habitat saturation. It shows that the ecology of the natural environment with artificial elements is not necessarily bad, and moderate artificial construction is beneficial to tourists’ perception of landscape complexity and regional biodiversity.



	(3)

	
Habitat diversity and temporality, naturalness, and positive artificial elements







The correlation analysis between habitat diversity and visual preference shows that there is a close correlation between habitat diversity and the naturalness of view. The area of natural vegetation in the view of high naturalness is larger, and the higher the habitat diversity index in the area is, the better the ecology is. The habitat diversity index was negatively correlated with flowers and plants but positively correlated with trees and aquatic plants. Here, we can understand that, to some extent, tourists prefer landscapes with high vegetation naturalness, and the habitat diversity index in this region is also at a high level.



There was a significant positive correlation between habitat diversity and temporality within the horizon. The more temporality the landscape had within the horizon, the lower the habitat diversity index, that is, the lower the habitat diversity in the landscape covered by snow and ice in winter, which confirms the negative correlation between the landscape complexity and the temporality and indicates the commonality of the visual aesthetic and ecological characteristic indicators [54].



There was a positive correlation between habitat diversity and positive artificial elements. Corridors, pavilions, and other landscape constructions in the park are the most preferred landscape elements for tourists in spring, and the space carrying them is also a concentrated area for tourists. Although the plant configuration in this area is rich in levels, diverse in species, and high in habitat diversity, the spring season is monotonous, which reduces tourists’ cognition of plant diversity.




3.3. Coupling Results of Visual Preference and Habitat Diversity


According to the location and content of tourists’ photos, we formed the tourists’ view analysis diagram in the sample space. Then, we superimposed the tourist horizon analysis map and wetland habitat diversity map, analyzing and summarizing the coupling results (Figure 6). According to the visual preference of tourists, it is divided into three levels: high, medium, and low, and the habitat diversity level is described as high, medium, and low. Based on the coupling results, tourists’ visual preferences for typical wetland landscapes can be divided into the following four modes: high preference–high habitat, high preference–low habitat, low preference–high habitat, and low preference–low habitat.



The high habitat–high preference pattern consisted of a diverse wetland bubble, arbor, and waterfront square habitat. The existence of this model proves that the maintenance of good wetland habitats and tourists’ leisure activities can achieve a relative balance. Most of the tourist activities in this habitat space are picnics and kite flying. The habitat in the activity area is dominated by tall tree communities, so for this kind of habitat space, the original supervision of plants and organisms in the habitat area should be maintained, and corresponding supporting facilities should be added in the activity area to reduce the impact of tourists on the environment.



The types of habitat combinations with higher habitat levels but lower preference included linear traffic space, arbor habitat, wetland bubble habitat, aquatic plant habitat, and point-like structure combination. Within wetland parks, the linear upper air corridor is the main space for visitors to view and participate in the wetland habitat. This area is a space where visitors often move. Visitors can enjoy the cool, take photos, get close to the plants, and partake in other activities. Therefore, for this low-preference habitat space, we should start from two aspects. On the one hand, the connection and protection between artificial structures and the original wetland habitat should be strengthened, and multi-level plant landscape design should be carried out near the linear space to form a certain buffer protection area and reduce the damage to the internal wetland. To meet the needs of tourists, it is important to improve their natural interaction experience. On the other hand, proper ground space is added along the walkway for visitors to rest and stay, increasing the length of the natural experience.



The entrance habitat combination of the park is the most popular type for visitors to focus on, but its habitat level is not high. This type of space is dominated by the square space, which is responsible for the function of the whole evacuation park and some activity places. The functional-oriented habitat space does not affect its habitat diversity on the premise of not changing its spatial function.



Undesirable habitats and low-elevation habitats are combined into waterfront roads with no shoreline plants and swamps with single plant types. The existence of such habitats confirms that tourists prefer man-made vegetation spaces. In view of such habitat space problems, we should improve the vegetation design along the waterfront road according to the park space tour route. After determining the dominant plant species, artificial construction is carried out to construct the water–land ecotone formed from the water area to the waterfront, further improving the habitat diversity of the wetland on the basis of the original ecology and forming a stable ecological environment and ecological community structure.





4. Discussion


Studies have shown that tourists do not blindly pay attention to natural elements in wetland parks, instead having some unnatural elements as their first-choice recreational element in the wetland. Moreover, in areas with obvious seasonal climate changes, the season is the key to influencing tourists’ preferences. There is a significant correlation between wetland habitat diversity and tourists’ landscape preferences. Because of the spontaneity and statistics of social media data, it is confirmed that people are born with the perception of biodiversity [32]. Finally, cluster analysis and spatial coupling methods were used to summarize four preferred habitat types of typical urban wetland parks, and reasonable human intervention was carried out for different habitat types to improve biodiversity to a certain extent [29,77]. At the same time, with the promotion of social media, the computational dimension of the biodiversity experience is enriched, the ecological education function of urban wetland parks is strengthened, and the dynamic balance between recreation and conservation is expected to be achieved.



In the study of tourists’ preference for wetland landscapes, tourists pay much more attention to the tree communities in a wetland than the characteristic aquatic plant communities in a wetland park, which is unexpected. This also proves that tourists can better capture rare values of the wetland by freely choosing the location of photos [78]. The season is an important factor affecting preferences and tourists’ selection of wetland parks. People prefer plants, water surfaces, and landscapes with pruning and artificial construction, for example, people like tree-lined walking paths, rich artificial planting areas, lawns with planted trees, swamps with water surfaces, and wide water surfaces [31,32,79,80]. So we wondered what the purpose is of visiting wetland parks. Is it to experience the unique landscape of the wetland, or to use it as a traditional park green space for participation and activities? If tourists’ comments on the park are combined, we can try to obtain the purpose of tourists’ visit to understand the image of the wetland park in the minds of tourists, guiding people to participate more in the perception of wetland biodiversity and helping the management department to manage the core image of the wetland park [81].



Based on the mapping of habitat diversity and the location information data of tourist photos, the coupling of habitat diversity space and tourist recreation space was realized, and four typical types of habitat space were summarized. In practice, it has been proven that it is convenient and effective to take habitat diversity as the primary indicator to measure biodiversity, incorporate man-made landscape elements, such as squares and roads, into habitats, and use spatial data, such as wetland area and perimeter, to assess the biodiversity of urban wetland parks. It can help managers assess the status quo of biodiversity in target areas under limited conditions [25,78]. The diversity of urban wetland habitats is significantly related to the landscape preference of tourists. The aerial boardwalk, as a way of human participation in the vertical ecological process of a wetland park, has been proven to be positive for the protection of wetland park habitat diversity. Therefore, active artificial construction is conducive to tourists’ perception of habitat diversity in wetland parks. Based on the commonality of ecological indicators and human visual indicators [54,82], more visual and ecological indicators and objective adjustable indicators can be systematically studied in future studies to determine whether there is a certain mediating effect between the three, so as to further explore the relationship between tourists’ visual preference and wetland biodiversity, thereby effectively intervening in the wetland more successfully. The restoration of wetland ecological function is discussed in [83].



There is a clear lack of research on social media data in wetland parks. Although tourists’ photo data are the result of tourists’ freely photographing and uploading to the social media platform, the path where the photo was taken is the result of the designer’s work, and the attention to the landscape is guided by the path to a certain extent. There are some undeveloped areas of wetland parks, where the tourists cannot enter. It is impossible to determine whether the undeveloped habitat types of different levels are preferred by tourists. Therefore, it is necessary to use drones and other equipment in future experiments to sample and shoot all the existing habitat types in the wetland park, enrich the experimental data, set up corresponding questionnaires, and interview a certain number of tourists. Regarding whether the social background of tourists will affect their preference for wetland parks, relevant studies have proved that professional knowledge or special hobbies will affect the preference of tourists [84]. However, since the data collection did not include the social background of the photographer, it is uncertain whether the tourists’ preference for wetlands is related to a specific occupation, but it is clear that women are more enthusiastic than men when it comes to sharing landscape photos. In subsequent studies, corresponding questionnaires or survey interviews can be added to obtain tourists’ attitudes towards wetland habitat through a comprehensive survey of wetland parks, which can provide certain landscape design suggestions for the planning and designers of wetland parks, so as to maintain the original landscape characteristics of wetland and enrich tourists’ landscape experience.



In terms of theory, this study can be used as a basis for future research on the deep mechanism of habitat diversity and tourists’ landscape preferences by using social media data at the scale of a park habitat. In the application, it provides an effective and scientific prediction method for the recreation path and space construction of the wetland park to be constructed, provides specific design strategies for the management of the existing urban wetland park in the cold region, and provides scientific construction and management basis for both the protection of urban natural resources and the recreation development.




5. Conclusions


This study found that habitat diversity was positively correlated with positive artificial elements, such as aerial boardwalk, pavilions, etc. The commonality of visual aesthetic preference and ecological characteristic index is verified, that is, there is a certain correlation between the habitat diversity of a wetland park and the preference of tourists, and tourists have a strong perception of biodiversity and preference choice. We have the opportunity to achieve a dynamic balance between habitat protection and recreation construction of wetland parks by increasing or reducing artificial elements. (1) Set the activity space of aggregation degree to improve the complex function of the entrance space; (2) increase the aerial walkway to improve wetland saturation; (3) protect the winding shoreline of the natural pond surface and improve the stability of the shoreline plant buffer zone; (4) divide “whole” into “scattered” to improve the perception of wetland complexity in winter; (5) rebuild the stagnation space of the community transition zone to avoid the disturbance of stampede activity; (6) increase positive artificial elements to reduce tourists’ wilderness experience.



In future studies, the number of samples, habitat types, and coverage areas can be further expanded to supplement and improve the feedback information of tourists’ preferences, such as obtaining basic information, including tourists’ education background and occupation, and exploring the influencing factors of tourists’ wetland preference characteristics in multiple dimensions. This study can be used as the basis of the deep mechanism between biodiversity and tourists’ landscape preference at the site scale and provide a scientific basis for the construction and management of both urban natural resource protection and recreational development.
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Figure 1. Location of the four urban wetland parks. 
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Figure 2. This shows the process for achieving the research objectives. 
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Figure 3. Photo element recognition statistics. 
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Figure 4. Focus on landscape elements in the four seasons (F1: the element with the highest attention from tourists, S2: the element with relatively little attention, T3: the element with little attention). 
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Figure 5. The four seasons focus on landscape elements. 
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Figure 6. Analysis of views of 4 urban wetland parks. 
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Table 1. Basic information about the four wetland parks.
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	Park Name
	Total Area (m2)
	Wetland Area (m2)
	Wetland Type





	Harbin Qunli
	342,000
	231,000
	Natural wetlands, Artificial wetlands



	Cultural Center
	1,180,000
	553,000
	Swamp meadow, Prairie meadow



	Changchun Beihu
	11,970,000
	3,765,000
	Rivers, Lakes, Swamps, Constructed wetlands



	Changchun Nanxi
	310,000
	112,000
	Constructed wetlands, River wetlands
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Table 2. Visual preference metrics and scoring principles [69].
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	Measure Value
	Definition
	Calculation
	References





	Naturalness
	Naturalness of vegetation
	Natural Vegetation Proportion 0–25% = 0; 25–50% = 1; 50–75% = 2; 75–100% = 3
	Kaplan and Kaplan (1989) [30] Ulrich (1984) [71]



	Diversity
	Rich landscape elements
	Number of landscape elements per view
	Kellert and Wilson (1993) [72]



	Wilderness
	Degree of artificial construction
	House + road + other = 0; few artificial independent elements = 1; wetlands with no artificial elements = 2; wild vegetation = 3
	Clay and Smidt (2004) [73]



	Temporality
	(1) Landscape properties with seasonal changes

(2) Landscape attributes (water) with weather characteristics
	No time difference = 0; multi-season landscape = 1; single-season landscape = 2; meteorological landscape = 3
	Kaplan and Kaplan(1989) [30]

Ulrich (1984) [71]



	Positive artificial element
	Artificial landscape and local architecture
	None = 0; 1 element = 1; 2 elements = 2; 3 elements and more = 3
	Arriaza M (2004) [74]



	Negative artificial element
	Highways, industrial facilities, electrical wiring
	None = 0; 1 element = 1; 2 elements = 2; 3 elements and more = 3
	Arriaza M (2004) [74]
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Table 3. Classification standard of habitat units in urban wetland parks [25].
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	Habitat Unit Type
	Description of Habitat Indicators
	
	Scale Standard





	Area elements/m2
	
	(1)

	
Natural stand (natural or semi-natural forest vegetation)




	(2)

	
Scrub (shrub)




	(3)

	
Grass (herb)




	(4)

	
Tall vegetation (including reeds)




	(5)

	
Hydrological elements (waters)




	(6)

	
Islands




	(7)

	
Parking lot (place where vehicles are parked)






	Deciduous forest (deciduous forest)

mixed forest
	Length < 10 m, area > 100 m2



	Linear elements/m
	
	(1)

	
Roads (belts for pedestrians and traffic services)




	(2)

	
Tree column (trees planted in column)




	(3)

	
Long span bridge




	(4)

	
Landscape wall, etc.






	Roads with a width of ≥2 m (main road, secondary road);Roads with a width of less than 2 m (plank roads, grass walks, air corridors); Shelter forest, street tree column
	≥10 m



	Point element/piece
	
	(1)

	
Single tree or shrub




	(2)

	
Shallow water and sports fields within 100 m2




	(3)

	
Infrastructure






	Buildings, pavilions, sculptures, monuments
	<100 m2










[image: Table] 





Table 4. Test statistics a,b.
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	Men
	Buildings
	Structures
	Facilities
	Cement Road
	Wooden WALKWAY
	Steps
	Aerial BOARDWALK
	Sky
	Water Surface
	Trees
	Lawns
	Herbaceous Plant
	Shrub
	Hydrophyte





	Kruskal–Wallis H
	128.422
	206.658
	151.468
	36.508
	14.757
	104.890
	23.182
	220.398
	157.619
	172.547
	259.918
	75.938
	158.260
	26.722
	73.424



	df
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3



	Asymp. Sig.
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000







a. Kruskal–Wallis Test. b. Grouping variable: type
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Table 5. The correlation between the habitat diversity of the samples and the measure of visual preference [69].
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	Habitat Saturation
	Landscape Complexity
	Habitat Diversity





	Naturalness
	0.239
	0.014
	0.355 *



	Diversity
	0.113
	−0.023
	0.186



	Wilderness
	0.211
	−0.313 *
	−0.186



	Temporality
	0.225
	−0.514 **
	−0.419 **



	Positive artificial element
	0.487 **
	−0.218
	0.304 *



	Negative artificial element
	0.099
	−0.170
	−0.129



	Visual scale
	0.088
	−0.174
	−0.011







* p < 0.05 ** p < 0.01.
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